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CONTACT WITH MEASLES By EDWIN B. WILSON AND JANE WORCESTER
HARvARD SCHOOL OF PUBLIc HEALTH Communicated, November 27, 1940 Our colleague Dr. W. L. Aycock has raised the question as to the frequency with which an individual comes in contact with the virus of measles. Although the question seems impossible to answer with definiteness because of inadequacy of data, a discussion of it is not without interest and importance. One reason for its importance is the widespread belief that, at least for some diseases, immunity develops progressively from repeated contacts with the agent rather than from a single contact. In dealing with the kind of statistical material available to us for the case of measles we have no method of attack which will enable us to test the hypothesis of the progressive development of immunity from repeated contacts.
It will therefore be assumed that when a person comes first in contact with the virus he acquires the disease and thereby becomes immune. The average age at which one has measles according to reports of cases is:
For Massachusetts,' 1932 -1937 , inclusive 7.08 years For Massachusetts,' 1932 -1937 years For Providence, R. I.,2 1919-1935, "under 22," 5.81 years As infants are immune for about half a year, we may deduct 0.5 from these figures and assume 6.5 for all ages or 6.2 for ages under 20, in Massachusetts, or 5.3 if we use Providence figures, as the number of years on the average required for a susceptible first to come in contact with the virus.
The difference between Massachusetts (6.2) and Providence (5.3) is considerable. Some of this may be due to later attack in the rural parts of Massachusetts, and some to differences in the completeness of reporting at corresponding ages in the two regions. Investigations on the reporting of measles show not only that the reporting is deficient but that it tends to be most deficient at the earliest ages, and deficient by different percentages in different places.' For cases found by frequent house-to-house canvass in Hagerstown, Md., Sydenstricker and Hedrich find the average age (less 0.5) as 4.7. For the incidence by age inferred by Collins from a discussion of the fractions of persons at stated ages who were said to have had measles,4 the corresponding figure is 4.0. These last two results are well below that for Providence, let alone that for Massachusetts.
Considering the variations in reporting we cannot say that the various figures are inconsistent and would incline to the belief that five years may fairly be taken as the average time required for a child, after losing his initial immunity, to come in contact with the virus. Although the frequency with which children come in contact with measles probably varies considerably with age, we may accept this figure of five years as one estimate of the frequency of contact with it.
Another way to approach the question is to consider that if N(x) be the number of contacts persons of age x (measured from the middle of the first year of life) have had on the average, the chance that a person has escaped all contacts is, by the "law of small numbers," eNI(X) and the chance that he has had at least one contact is 1 -eN(x). Under the hypotheses adopted, this is the chance that he is immune and, if I(x) be the fraction of the immunes at age x, we may write I(x) = 1 -e'N(x) (1) Surveys give the value of I, with tremendous fluctuations to be sure, and further indicate that there is a limiting fraction, which Collins takes to be 0.89, beyond which immunization does not go-meaning here by immunization that a person is said to have had measles. If we should apply (1) at ages 51/2, 101/2, 151/2, 201/2 (x being less by half a year) using respectively for the number of contacts N the figures 1, 2, 3, 4, which would result from assuming a contact every five years on the average as estimated above, we should obtain the immunities at those ages as 63.2%, 86.5%, 95.0%, 98.2%, respectively. The percentages thus found for ages 51/2 and 101/2 are not far from those reported by Collins but those for ages 151/2 and 201/2 are well above his.
One way to obtain an estimate of the average number of contacts that have been experienced by persons of age x is to reverse (1) and write
To use this expression it is necessary to have a good estimate of I(x). .99, we find N = 2.2, 3.0, 3.9, 4.6 contacts which correspond respectively to one contact in 9, 6.7, 5.1, 4.3 years. The question of how widespread an immunity there is in the population at around age 20 is therefore of great importance for the answer to Dr. Aycock's question. Dr. Chapin, after reviewing the figures with his accustomed care and conservatism, comes to the conclusion:5 "It is probable, then, that in England, Canada and the United States over 90 per cent of urban populations contract measles at some time during their lives." Since very few contract it after 20, this amounts to agreeing that Collins's limiting figure of 89 per cent is a minimum for urban populations. We believe that a higher minimum may be set with a fair probability. For the whole group of contacts with primary cases in measles families in Providence at ages 15-21 inclusive we have found an immunity6 of 97.0% before the entrance of measles into the family, which became only 97.4% afterwards. Even if we include all the primary cases at these ages, the immunity was 95.3% before and 97.5% afterwards. It is impossible to say what is the immunity in Providence as a whole in the age group 15-21 but there seems little reason to believe that the families into which measles did not come were any less immune than those into which it did come, or that the former were any more immune than the latter after the passage of measles. This would mean that we should set 95.3% as a minimum and 97.5% as a maximum in estimating for Providence the immunity in the whole age group 15-21.
It should not be inferred from our first use of (1) combined with the assumption that N(x) = x/A, where A is the average age at which one has measles, that we believe N is indeed proportional7 to x; for, clearly, if we know the values of I(x) we could compute from the form (2) 
5.68
The figures are not consistent, nor are they reliable. However, in the age groups 4 to 6 and 6 to 8, which are generally considered most important as judged by the number of cases reported, the discrepancies in the four sets are not too serious. It would appear that a child between four and six years of age experiences about half a contact, i.e., is coming across the virus of measles at the rate of about once in four or five years. The rate is higher for children between 6 and 8 and is more discrepant; according to Collins it would still be about once in four years, but according to the other three figures it would be nearly as high as once in two years. Under four years of age the rate is lower than from 4 to 6; above the age of ten great inconsistencies appear in the figures obtained from the different assumptions.
To sum up we may state that the unsatisfactory evidence seems to indicate that the rate of contact with the virus of measles rises from a low value of once in six to ten years in the first years of life to a maximum which may be as high as once in two years sometime between the age of six and the age of ten and then falls off, with the result that by the age of twenty a person has had four or five contacts altogether.
These conclusions are based upon the all-or-none hypothesis that the immunity to measles results from a single attack; there seem to remain about two per cent of young adults who do not contract the disease upon intimate exposure and who may have acquired their immunity by a cumulative process, though this is not a necessary inference.6 The age incidence of some other immunizing diseases of childhood is so similar to that for measles that it is tempting to assume by analogy that for those also the process of immunization is the same; but, again, this inference is not necessary, for it is certainly possible that immunity acquired for some persons at a definite time by one contact and for other persons gradually over time by many contacts might give rise to an age distribution of cases not very different from that arising on the all-or-none hypothesis. 763-826 (1929) .
6 "Measles in Providence, R. I., 1858-1923," by C. V. Chapin, Amer. Jour. Hygiene, Baltimore, 5, 635-655 (1925) , especially p. 643.
6 Here again immunity means those who are said to have had measles; the figures obtained by follow-up work in measles families are higher than those found on general surveys, as is perhaps natural from "psychological" reasons. We have an unpublished series of 5623 measles families in Providence (1935 Providence ( -1939 in which there are 5512 mothers reported as contacts (parents of at least one child 21 or under who was a primary case); of these, 327 did not know whether they had had measles, 5068 had had measles and 117 had not; yet of these 117 putative susceptibles only 4 developed the disease. This presumably should be interpreted as indicating that most of the 113 "susceptibles" who escaped were actually immune in the sense that they would not contract the disease under exposure to intimate contact. It would be interesting, if it were practicable, to do a series of tests on young adults who were supposed never to have had measles and who nonetheless did not contract it upon close exposure to determine whether they were actively immune. It may be noted that the 117 mothers who had not had measles formed about two per cent of the whole series of 5623. It is known that, according to the time of administration, measles may be prevented, leaving the child susceptible, or modified, with the acquirement of immunity, by administration of immune serum or placental extract and it is possible that children exposed to measles during that period in their first year of life in which their initial immunity is wearing off may have their measles so modified as not to be recognized under ordinary conditions and yet have it sufficiently to give an VOL. 27, 1941 immunity. In Providence we found over a six-year period 334 contacts during the first year of life who escaped; this is an average of 57 or about 1.4% of the annual births; how many more there were who were unreported is impossible to estimate. It is perhaps not out of the question that something approaching 2% of the population becomes immuniz!ed by having a non-recognized case. If a study were made of the young adults who had not had measles but did not take it on close exposure, it would be well to enquire particularly about their history of previous exposure within the family.
7The law I = 1 -e-X/A is particularly simple. It has the property that if we take the case rate as C(x) = dI/dx, the average length of time persons immune at age x take to contract the disease is A, when deaths are neglected, as they may be to a first approximation. But even if this law applied in the case of groups homogeneous with respect to exposure, it could not apply to an inhomogeneous group made up of fractions Pl, Pi, . . . of the population with different mean frequencies of exposure 1/A1, 1/A2, because I(x) = 1 pie-x/A. -p,,.P/At -P + P+2 + 1 cannot be reduced to the form 1 -ex/A, and there is reason to believe that the population is actually decidedly inhomogeneous with respect to rate of exposure. 8 The general theory of our problem is a special case of Ronald Ross's "Application of the Theory of Probabilities to the Study of a priori Pathometry," Proc. Roy. Soc., London, A 92, 204-230 (1916) . For our case a simple derivation of the relations may be given. If P be a population and I the fraction of immunes, the number of immunes is IP; if C is the case rate (per capita) and f the case fatality (per capita) of a disease which immunizes permanently, the number who in time dt contract the disease is CPdt A number of tacit assumptions have been made, such as that the disease is of short duration, which seems fair enough for measles, and that immigration into and emigration from the population may be neglected. If it be assumed that the general death rate and that on immunes differ only by the death ratefC due to the disease and if it be further noted than an increase of time is equivalent to an increase of age x, we may write
Considering the inaccuracies of reporting and the small values of the case fatality for measles, we have decided that we may safely use dI/dx = C or even AI = CAx for finite age intervals provided C be taken as the average case rate during the age interval. It may further be observed that the attack rate a(x) upon susceptibles is 
